Purpose: This study investigated whether the strength imbalance between two muscles can affect the score of EMG based biofeedback game, and whether the EMG based biofeedback game score can be used as predictable indicator of the degree of muscle balance alternating the conventional strength measuring equipment. Methods: 40 participated in this study. Biodex was used to measure the peak torque/weight in order to calculate the muscle strength balance index between plantar flexor and dorsiflexor of ankle joint. And muscle balance index (MBI) was calculated. The EMG biofeedback game scores of dorsiflexor and plantar flexor were acquired, so that the EMG electrodes were attached at tibialis anterior and gastrocnemius. The relationship between the game score and the muscle balance index were analyzed. Results: There was negative correlation between the muscle balance index between plantar flexor and dorsiflexor and the peak torque/ weight of plantar flexor (r= -0.70). And there was negative correlation between the muscle balance index between plantar flexor and dorsiflexor and the game score of plantar flexor (r= -0.83).
INTRODUCTION
As the development of highly information-oriented society, the portion using a computer has been increasing in daily life and computer can control almost devices being used on a daily basis. 1 In addition, it is a trend that the interests about the human-computer interaction (HCI) is increasing as the alternative input way to use easily and conveniently for user and to overcome the limitation of previous input way such as a keyboard or a mouse (Kim 2005) . In particular, the HCI is expected for elderly, physically disabled who loss normal motor ability, or mentally disabled who have difficulty in learning manipulation of machine to use as an equipment for communication or a controller of aids such as a wheel chair. 2 The HCI is generally used to an inherent signal in the body such as voice, visual (gestures, facial expressions), biological signals (electroencephalogram, electromyogram, electrocardiogram or electrooculogram) as interface. Especially, the bio-signal interface may be used as the human-friendly and portable interface in wearable computing or mobile computing environment. In addition, the biosignal is used as not only HCI but also medical diagnosis, medical examination and healthcare through bio-signal analysis in the medical field. [3] [4] [5] [6] So studies about the bio-signal are being conducted nowadays. 2 As the development of the Nintendo Wii that can be extensible as the functional games, sensible interfaces have begun to be highlighted in the gaming industry, the development of interface to uti-J KPT bilitation than a traditional way of treatment when they are applied to the patients for the purpose of rehabilitation. 8, 10 However, consoles commercially available for the public, are expected to have difficulty in rate and degree of difficulty of game interface section to apply to a patient. 11 Moreover, most consoles such as the Nintendo
Wii detect angles, three-dimensional motion, or acceleration as an interface, it is considered that the use for selective strengthening of specific paralyzed or weakened muscles or for performing movements without compensation will not be available.
Among various biofeedback for restoring the damaged motor function of the upper extremity in patients, EMG biofeedback is the most effective. 12 The EMG biofeedback can be a key factor for improving the effectiveness of exercise therapy in patients by checking the statement of muscles and utilizing it at the training. 4, 13 The EMG biofeedback can be used for the rehabilitation using games as a medium rather than simple audiovisual auditory stimulation. In this case, it can lead patients to perform specific rehabilitation through fun games, to induce the exact exercise through EMG signals for the paralyzed or weakened muscles, and to enhance performance by facilitating motor learning through the use of bio-signals provided by the real-time biofeedback. 14 In addition, by increasing the will to participate actively for patients and the satisfaction of the treatment, it is very important in increasing the effect of rehabilitation and in maintaining the rehabilitation activities. 15, 16 The EMG Biofeedback game is the game acquiring scores based on the ability to control properly through agonist contraction and antagonist relaxation for the intended movement. It may require the coordination between the agonist and the antagonist, proprioception as well as the muscular strength. In particular, a relative strength ratio between the agonist and the antagonist, that is, the ipsilateral muscle imbalance affects the physical performance. 17 It may be the important factor to create the correct motion, and may affect to perform EMG-based game that utilizes the muscle activity. The ipsilateral muscle imbalance is the index indicating the degree of balanced development of the muscles around the joints, and it has been used as a good indicator to utilize the muscle strengthening, the injury prevention, the rehabilitation programs after surgery for the public as well as athletes. 18, 19 People with chronic joint instability have the ipsilateral muscle imbalance, and especially, ankle joint is the most commonly injured with a relatively weak structure, which can cause joint instability. 20, 21 Therefore, this study investigated whether the strength imbalance between two muscles can affect the score of EMG based biofeedback game, and whether the EMG based biofeedback game score can be used as predictable indicator of the degree of muscle balance alternating the conventional strength measuring equipment. 
METHODS

Subjects
Experimental methods
1) Muscle Balance Index (MBI)
Biodex system 
2) EMG biofeedback game score
The EMG electrodes were attached at tibialis anterior and calf in order to acquire game scores of EMG biofeedback game system.
The electrodes for tibialis anterior, the dorsiflexor, were attached to the outside of the anterior tibia region 2 cm, at the position laterally 2 cm from the anterior line of tibia, and the electrodes for calf muscle, the plantar flexor, were attached to the medial surface of a line 2 cm away from the popliteal part centerline. 22 Then, the muscle strength balance index of individual muscles was calibrated in order to consider the individual differences.
After attaching the EMG electrodes at each muscles, subjects started the game. They played three times, and the average value was used. And the relationship between the acquired game score and the MBI of two muscles was analyzed.
When the EMG signal of a muscle is over than specific threshold though contracting the muscle, the computer converts the EMG signal to the specific direction key. It makes the game character move in the direction, and the game score is obtained when the game character touches some icons by contracting each muscles corresponding each directions.
According to the EMG signal obtained by each muscle contraction, the game character could be moved up or down. It was designed that various types of fish were to be passed from the right to left hand side of the screen. A point was acquired when the game character made contact with a passing fish, while the game was over when the character could not contact a fish three times.
The game scores and muscle strength of plantar flexor and dorsiflexor at ankle joint were measured, and the MBI was calculated.
Then, we investigated whether the MBI and the game score have a correlation.
3) Statistical analysis SPSS ver. 18.0 for Windows was used for statistical analysis. Pearson correlation and regression were used for analyzing the relationship between the game score and the MBI. Significance level was p < 0.05.
RESULTS
Relationship between the peak torque/weight of plantar flexor and dorsiflexor and the MBI
There was negative correlation between the MBI and the peak torque/weight of plantar flexor (r= -0.70), and it indicates that the larger peak torque/weight of plantar flexor, the lower muscle imbalance. In the other hand, the peak torque/weight of dorsiflexor had no effect on muscle imbalance (r= -0.06) ( Table 1) . In the other hand, the MBI had no effect on the game score of dorsiflexor (r= -0.11, p> 0.05)( Table 3 ). According to the regression analysis, the sPF and MBI cannot predict sDF (R 2 = 0.09, 0.01, respectively) (Figure 1 ).
DISCUSSION
In this study, EMG based physical interactive game was developed in order to induce patients' active participation through overcoming the boredom and monotony of the rehabilitation that is performed for a long time. And this study investigated whether the game score has a correlation with muscle strength and ipsilateral MBI that were measured by conventional isokinetic strength measuring equipment.
There was positive relationship between the peak torque/weight of plantar flexor and those dorsiflexor (r= 0.65), so subjects who had stronger strength of plantar flexor had stronger strength of dorsiflexor (Table 1) tion, that is, closed kinetic chain exercise, it would generate enough activation over than threshold so that the game score of plantar flexor would be higher. However, in this case, it might be impossible to acquire higher score because subjects could feel fatigue easily or not control rapidly in order to control the game character through frequent heel raising.
In contrast, MBI had no effect on the game score of dorsiflexor (r= -0.11). In order to get high score, detailed control at ankle joint may be necessary in order to move the game character properly, and dorsiflexor may play a role in control delicately at ankle joint. Thus, subjects gained high scores of the game for dorsiflexor, and there was lesser differences of the game score of dorsiflexor between subjects (220.53 ± 20.26) than those of plantar flexor. In other words, even people with larger muscle imbalance gained high score of the game for dorsiflexor, and the MBI did not affect the game score of dorsiflexor. In this study, all subjects had not had any muscle injury or ankle pain, so it might affect the result that their scores of dorsiflexor were high. When people with ankle instability or pain had the decline of dorsiflexor strength and position sense. 20 It is expected that ankle instability or pain can affect the game score, so future study should investigate the effects of the muscle strength or position sense in people with ankle instability on the game score.
In conclusion, the peak torque/weight of plantar flexor was larger than those of dorsiflexor, while the game score of plantar flexor was lower than those of dorsiflexor. In addition, muscle imbalance at ankle joint had an effect on the plantar flexor strength, not the dorsiflexor strength, and the game score had also an effect on the plantar flexor. Thus, in order to predict the muscle imbalance at ankle joint without any injury or pain, the game score of plantar flexor can be used as people with lower game score of plantar flexor had weaker peak torque/weight of plantar flexor.
Sports injuries occur when the strength of weak parts in body cannot withstand resistance during sports, and its muscles break away from the path. In general, when agonists are strong for movement, the antagonists get lots of stress as a stabilizer of the joint, and it can generate injuries at the joint if the antagonists are weak. So, it is important for antagonists or weakened muscles to strengthen in order to prevent injuries and improve functions, and it can maintain good posture by efficiently arranging the parts in body. 23 According to the results of this study, the game score had significant relationship with muscle imbalance, so it seems that the game score can be used for predicting the degree of muscle imbalance as a parameter.
The limitations in this study were as following: first, there were no control groups, because this study investigated the relationship between the degree of the muscle strength and game score. Second, the game system was not used as an intervention.
Future studies should study the correlation between the game score and proprioception that causes joint instability. Also, studies that verify the effects of the game system as therapeutic equipment for healthy adults or patients will be required.
